In practice, the radioisotopic technique is a more convenient way of measuring (.S/QT than the 100% oxygen method for several reasons:
from which an oxygen shunt fraction can be calculated. This simple estimation has been compared with an anatomically defined estimate of the right to left shunt using a radioisotopic method. The fall in Sao, which occurs in patients with pulmonary arteriovenous malformations in the erect posture and at high lung volumes was used to test the ability of Sao2 alone to follow changes in right to left shunt. Methods -Radiolabelled albumin macroaggregates (SSmTc-MAA) or microspheres (MS) were injected intravenously and kidneys and lungs were imaged. The shunt fraction (OS/0TTC) in the supine position at functional residual capacity (baseline) was obtained by quantifying right kidney radioactivity. On standing or while breath holding at total lung capacity, shunt fraction was calculated from baseline OS/OTTC and from lung counts and the injected dose. Arterial oxygen saturation (SaO2) was recorded by a pulse oximeter for calculation of the oxygen shunt (OS/OT02) (breathing air).
Results -In the postural study (n = 8) Sao2 decreased from a mean (SD) value of 89 (5)% supine to 80 (6)% erect, corresponding to OS/OT02 28 (8)% and 44 (8)% respectively. OS/4TTc increased from 28-7 (10-3)% to 39 (14 3)%. In the lung volume study (n = 8) OS/OTTC increased from (11l5)% at functional residual capacity to 23-3 (119)% at total lung capacity while O.S/OT02 increased from 19-5 (7 5)% to 25 9 (10-6)% respectively. When all measurements were compared for Os/ TTC% and OS/OT 2% (n = 32) the difference in the mean values was 2-5% (absolute) and the limits of agreement between the two methods were +38% to -18% (relative) . In neither the postural nor the volume study did A(OS/OT02) reliably predict A(0S/0TTC)% 10 6) MBq) was injected after 10 minutes of lying supine. Both first and second injections were made while subjects breathed quietly around the FRC level. In the same posture, kidneys and lungs were imaged in the same way followed by a lateral kidney image. Arterial oxygen saturation (Sao2) and heart rate were recorded every minute using a pulse oximeter (Ohmeda Biox 3700). An International General Electric 400A gamma camera was used, fitted with a parallel hole, general purpose, low energy collimator and on line to a computer (Medical Data System A2). The count rate from the right kidney was obtained from a region of interest with minimal inclusion of non-renal tissue. The depth of the kidney was calculated from the number of pixels between the skin marker and the centre of the right kidney on the right lateral image. The count rate from each lung was calculated as the sum of geometric means of the anterior and posterior count rates; the total activity was taken as the sum of the right and left lungs. The injected radioactivity was measured by counting the syringe containing the dose, before and after the injection, on a 3 cm thick perspex block on the face of the collimated gamma camera. Preliminary experiments had shown that, with an adequate saline flush, the radioactivity trapped in the tubing or needle was negligible. 
All shunt values were expressed as fractions. It was not necessary to make an attenuation correction for lung counts because only the change in lung counts/MBq injected dose is measured.
In addition, shunt fraction breathing room air was calculated using the classical equation (room air)4: QS/(T = Cio2 -Cvo2 (4) assuming Sio2 (oxygen saturation of "ideal" blood)=98%, and Cao2 (oxygen content of arterial blood) -Cvo2 (oxygen content of mixed venous blood)=5ml/100ml. Cio2 and Cao2 were calculated from Sio2 and Sao2 and haemoglobin; the small dissolved oxygen content in the blood breathing room air was not taken into account.
STATISTICAL ANALYSIS
All values are expressed as mean (SD). In each group Student's paired t tests compared the values of shunt fraction and Sao2 between the supine and erect positions, and at FRC and at TLC. Linear regression was used to calculate correlation coefficients. Shunt measurements by the oxygen and radioisotope methods were compared using Bland and Altman plots.7 Data were logarithmically transformed because the differences between the two methods increased as the shunt size increased. 
Results

SHUNT MEASUREMENT IN NORMAL SUBJECTS
In the eight normal subjects the mean (SD) shunt fraction obtained by the 99mTc-MAA method was 2-0 (1-4)% in the supine position while breathing quietly at FRC. The upper 95% confidence limit was 3-1%. The upper 95% confidence limit with`9mTc-MS in the seated posture, using identical methods and calculations, was previously reported to be 5.1%.4 There was no significant difference between the results for the two albumin preparations. In a further four normal subjects given 99Tc-MAA the shunt fraction at FRC (mean 3 9%, range 3-5-4-2%) was no different from that measured at full inflation (TLC) (mean 4-05%, range 1l8-5*8%). SHUNT 
MEASUREMENTS IN PULMONARY ARTERIOVENOUS MALFORMATIONS
A fall in Sao2 occurred in every patient (n= 16) going from supine to erect and from FRC to TLC (fig 1) . Mean (SD) values for Sao2 were 89 (5)% in the supine posture, 80 (6)% erect, 905 (3-6)% at FRC, and 87 (5 5) There was no significant difference (paired t test) between 99mTc and oxygen shunts in any situation (erect, supine, FRC, TLC). The mean difference between QS/OT02 % and (S/QTTc was +5% (erect), -03% (supine), +2-9% (FRC), and +2-5% (TLC), with the largest individual difference being + 28-9% (erect). For all measurements combined, the difference was +2-5%. On a Bland-Altman plot,7 with log transformation, the relative difference between the two methods was 6-5% with limits of agreement (±2SD) of +38% and -18%. In practical terms an oxygen shunt of 30% might mean, at worst, a radioisotope shunt varying between 41% and 25%. For an oxygen shunt of 10% the true anatomical shunt might lie between 14% and 8%.
Mean QS/OT02 increased by 14-5 (7-1)% from the supine to the erect position compared with an increase of 10-2 (5 7)% in QS/OTTC.
The mean increase in shunt with lung inflation (from FRC to TLC) was similar for both techniques -that is, 6-4 (5-1)% for QS/QTr02 conclusive, but cardiovascular instability was probably the cause of the difference between the oxygen and radioisotope shunt estimates of shunt in the erect posture in one subject; an increase in V/(2 mismatching might have contributed in the other two subjects.
In four patients (nos 1-4) the pulmonary arteriovenous malformations were predominatly located in the mid and lower lung zones. The right to left shunt fraction tended to increase more in them from supine to erect (table 2) than in patients 5-8 with more diffuse pulmonary arteriovenous malformations (table  1) . Thus a gravitational shift in pulmonary blood flow and the caudal location of the pulmonary arteriovenous malformation channels probably explain the increase in right to left shunt which is associated with a change from the supine to the erect posture.
OXYGEN DESATURATION WITH LUNG INFLATION
In an earlier report6 the relative increase in the anatomical shunt in patients with pulmonary arteriovenous malformations (n= 8) who breath held at TLC (100% oxygen method) was 25%. The relative increase in physiological shunt in our eight patients was 33%, slightly less than the relative increase in the true anatomical shunt as measured by 99"'Tc-MAA (40% increase). Does this increase tell us about the site of the abnormal vascular channels? As already mentioned, the normal microvasculature is replaced in pulmonary arteriovenous malformations by a sac of very low vascular resistance. The artery and vein to and from these sacs are enlarged "physiologically" in response to the high flow through the low resistance conduit. Pulmonary vessels can be divided physiologically into alveolar and extra-alveolar vessels, the former being in the alvelolar septa and the latter comprising corner vessels and all intrapulmonary arterial and venous vessels. Alveolar vessels become smaller and extra-alveolar vessels become bigger as lung volume increases. If pulmonary arteriovenous malformations behaved as alveolar vessels a decrease in right to left shunt might be expected with lung inflation. This was not the case. A diffuse dilatation of alveolar septal vessels does occur -for example, in the hepatopulmonary syndrome" -accompanied by a radioisotopic shunt which exceeds considerably the shunt on breathing 100% oxygen (45% v 13%12), a situation not found in pulmonary arteriovenous malformations.4 It therefore seems more likely that pulmonary arteriovenous malformations are behaving as extra-alveolar vessels.
Nevertheless, the crucial factor is the difference in resistance between the normal arterial-capillary-venous conduit and the pulmonary arteriovenous malformation conduit, both conduits comprising alveolar and extra-alveolar vessels. The radioisotope data suggest that, even if the resistance of the pulmonary arteriovenous malformation conduit increases with lung inflation, the resistance of the normal vascular conduit in parallel increases more.
